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The potential uses of conducting polymers as materials in rechargeable batteries, electromagnetic interference shielding, sensors, and electrochromic display devices have been described. [1] [2] [3] [4] Among these, polyaniline (PANI) is unique due to properties such as wellbehaved electrochemistry, 5 good environmental stability in air, 6 electrochromism, 7 ease of doping, 8 and ease of preparation. One of the difficulties associated with the PANI is the low solubility in common organic solvents, which results in limited processability.
In order to prepare processable conducting polymers, several methods have been developed. [9] [10] [11] Copolymerization have been found to yield soluble conducting polymers. [12] [13] [14] Several reports on the copolymerization of aniline with substituted anilines are now available.
Diaz et al. 15 reported the copolymerization of aniline with N-(4-sulfophenyl)aniline and explained the characterization of these materials. Through direct sulfonation of aniline, the copolymer of metanilic acid was synthesized. 16 Copolymerization of aniline with metanilic acid has been explored and found to produce a copolymer similar to the sulfonated aniline copolymers. 17 Electrochemical oxidative polymerization of aniline with o-aminobenzonitrile in an aqueous medium resulted in copolymer films. 18 In order to make water-soluble conducting polymers, the copolymerization of aniline with oalkoxy sulfonated aniline was investigated. 12 Copolymers of aniline and N- (3-sulfopropyl) aniline were electrosynthesized as films on iridium dioxide coated titanium electrodes and characterized. 13 Surface-enhanced Raman spectroscopy was used to bring out the redox activities of the self-doped coploymers of N-methyl aniline and N- (3-sulfopropyl) aniline. 14 Electrochemical copolymerization of aniline derivatives with para-phenylenediamine in aqueous sulfuric acid media has been investigated using cyclic voltametry. 19 Copolymers of aniline with 3,4-dihydroxy benzoic acid 20 and 2,5-aniline disulfonic acid 21 have also been synthesized by electrochemical polymerization. The results on the copolymerization of 2,5-diaminobenzene sulfonic acid and para-phenylenediamine revealed better stability for the film of the former system. 22 Copolymerization of aniline with other conducting-film-forming monomers was investigated to improve the properties of the aniline-based copolymers. 23 Our main objective was to improve the processability of PANI structure. This goal was achieved with structural modification of PANI with ring or N-substitution. Diphenylamine (DPA) was polymerized by Zotti and co-workers 24 in a mixture of 4 M sulfuric acid and ethanol. In the electrochemical studies, they could not grow the polymeric film on the surface of the working electrode, probably due to dissolution of the oligomeric materials during polymerization. This might be due to the use of ethanol as cosolvent to improve the solubility of DPA. In order to improve the thermal and oxidative stability of PANI without degradation of the conductivity, poly(diphenylamine), PDPA, was recently prepared by a special method and characterized through spectral and thermal studies. 25 Reports are also available for the polymerization of N-(alkyl diphenyl amine), 26 3-(methoxy diphenyl amine), 26 and 3-(chloro diphenyl amine). 27 Recently, through cyclic voltammetric studies, the elecroactivity of both benzidine and DPA moieties were found through the analysis of poly(diphenylamine-co-benzidine) copolymer. 28 In the recent past, studies have been made on diphenylamine polymerization and also on copolymerization of diphenylamine with benzidine. 25, 28 The former study reports the detailed analysis of the structure of poly(diphenylamine) in terms of diphenosemiquinone aminoimine and diphenoquinoneimine structures in the repeat unit of the backbone. The latter reveals the copolymer formation between benzidine (aniline like monomer) and DPA through polymerization via the formation of -C-(-NH-)-C-bonds between nitrogen atom of benzidine and phenyl carbon atom of DPA. This implies that phenyl ended intermediates of DPA can couple with -NH 2 group of aniline like monomer to result in a copolymer. Nevertheless, studies on the copolymerization of DPA with other aniline derivatives are scarce.
Electrochemical methods offer special advantages over the other methods due to the possibility of simultaneous characterization. Several conducting polymers were produced by electrochemical oxidation of the monomers either potentiostatically 29 or galvanostatically 30 or by using the potential cycling technique. 31 Tsakova 32, 33 used a pulse potentiostatic method (PPSM) to deposit PANI films on a platinum surface. PPSM has not been adopted for copolymerization involving aniline as one monomer so far.
In the present study, copolymerization of diphenylamine and aniline has been carried out by employing PPSM consisting of periodic, cathodic, and anodic rectangular pulses. This method offers a number of tunable parameters such as switching potential, pulse number (P n ), pulse width (P w ), and electrolysis time which can influence the growth and electrochemical characteristics of the deposited films. Our research group has initially investigated the electrochemical copolymerization of aniline with para-phenylenediamine, 19 ,34 2,5-diaminobenzene sulfonic acid 22 using cyclic voltammetry on IrO 2 -coated titanium electrodes and characterized through X-ray photoelectron spectroscopy (XPS).
The kinetics of electrochemical (also chemical) polymerization of aniline in the presence of selected additives (added at low quantities, S0013-4651(99)12-088-3 CCC: $7.00 © The Electrochemical Society, Inc. 0.005 to 2.0 mol % with respect to aniline) have been studied. 35, 36 Wei et al. 35, 36 monitored the effect of these additives on altering the kinetics of aniline polymerization. From their arguments, it can be noticed, that these additives have been structurally incorporated into the polyaniline units through cross reactions of the electro-or chemically generated intermediates from aniline and additives (lower oxidation potentials) and accelerated the rate of formation. This becomes obvious since the added additives are structural analogs of the intermediates in aniline polymerization.
This paper directs its attention to polymeric films deposited on the surface of the working electrode by PPSM, and we then follow the growth behavior of the deposited films by cyclic voltammetry. Besides, cyclic voltammetry has also been used to deduce surface parameters of the deposited films. Additionally, the electrochemical growth characteristics of the corresponding homopolymers are critically compared to infer the behavior of the copolymeric films. Chemical synthesis and characterization were also made to support copolymer formation.
Experimental
Diphenylamine (E. Merck) was doubly recrystalized from petroleum ether and used. Aniline (E. Merck) was distilled and used. The other chemicals used were E. Merck products. All solutions were prepared from doubly distilled water.
Electrochemical copolymerization by pulse potentiostatic method.-The electrochemical copolymerization was carried out in BAS 100A-electrochemical analyzer using three-electrode cell assembly and employing the mixture of DPA and ANI at various feed ratios (0.2, 0.4, 0.5, 0.6, and 0.8). The total molar concentration was maintained as 50 mM in 4 M H 2 SO 4 solution. The working and reference electrodes used were platinum and Ag/AgCl, respectively. The polymeric films were deposited on the working electrode by applying specific cathodic (E c ) and anodic (E a ) potentials and keeping different cathodic time (t c ) and anodic time (t a ) intervals for the total experimental time (t exp ).
The polymer coated film electrode was then placed in a monomer-free background electrolyte and equilibrated for repetitive cycling between 0.0 and 0.8 V until a constant cyclic voltametric pattern without any appreciable change in the peak potential and peak current was obtained. Equilibration was achieved within a few potential cycles, which is indicative of the stable nature of the film. The cyclic voltammograms (CVs) of the stabilized coplymeric films were recorded.
Electrochemical homopolymerization of DPA and ANI was also performed independently under the pulse conditions, and the CVs of the homopolymer-coated film electrode were also recorded.
The copolymer of DPA and ANI was prepared by oxidative polymerization of a mixture of monomers, DPA and ANI, at the fixed feed ratio (1:1) using potassium peroxodisulfate (PDS) as the oxidant. The procedure for the preparation of poly(DPA-co-ANI ) is outlined below.
A mixture of DPA and ANI was prepared by dissolving 0.847 g of DPA (25 mM) and 0.492 g of ANI (25 mM) in 200 mL of 4 M H 2 SO 4 . It was cooled well below 273 K using a freezing mixture. A precooled solution of PDS (60 mM) containing 1.40 g in 80 mL of 4 M H 2 SO 4 was then slowly added dropwise to the mixture with stirring, and the mixture was further stirred for 1 h in the freezing mixture by keeping the temperature at 5ЊC.
The resulting green precipitate was filtered through a sintered glass crucible and was washed with 4 M H 2 SO 4 until the filtrate became colorless. The acid-doped copolymer was then dried under dynamic vacuum at room temperature. The homopolymers of DPA and ANI were also prepared using a similar procedure.
The conductivities of the chemically synthesized homopolymers (PANI and PDPA) and copolymer samples of DPA and ANI were determined through a four-probe resistivity setup (Concord Instruments, India).
Fourier transform infrared (FTIR) spectra of the chemically synthesized homopolymer and copolymers were recorded using a Bruker IFS 66v FTIR spectrophotometer in the region of 500 cm Ϫ1 to 4000 cm Ϫ1 using KBr pellets.
The UV-visible spectra of the chemically synthesized homopolymers and copolymers were recorded in DMF (solution concentration was 0.05 mg/mL) using Shimadzu UV-visible spectrophotometer.
Results and Discussion
In this study, PPSM was used for the first time for the electropolymerization of mixture of the monomers DPA and ANI. The electropolymerization was carried out for various feed ratios of the monomers with constant pulse parameters, P n and P w as 1000 and 100 ms, respectively. The following general observations were noticed. (i) The color of the reaction medium did not change during the course of reaction. (ii) A green colored deposit was seen on the electrode surface.
The above two observations indicate a good adherent polymeric film deposition on the electrode surface without any dissolution of oligomeric products.
The polymeric films were deposited for the various feed ratios of DPA (0.2, 0.4, 0.5, 0.6, and 0.8). The electrochemical behavior of these films was monitored by recording the CVs of the stabilized characteristics ( Fig. 1) It would be interesting to analyze and compare the electrochemical characteristics of these polymeric films with the films deposited by PPSM individually with DPA or ANI as monomer. The differences in characteristics, if any, would obviously be taken as an indication of deposition of a new polymeric material which is different from the individual homopolymers, namely, poly(diphenylamine) and polyaniline (PANI).
Dependence of peak potential and peak current on feed ratio of DPA.-The CVs of the stabilized films ( Fig. 1) deposited with DPA and ANI in the feed for polymerization have two main anodic peaks in the ranges 596 to 609 mV and 738 to 753 mV, respectively. Close analysis of these two redox peaks with corresponding peaks for the homopolymer, PDPA (Fig. 2 ) (576 to 581 mV and 732 to 736 mV) indicates the differences between them. Films deposited with a mixture of monomers have more positive anodic peak potentials than PDPA. The PANI film characteristics ( Fig. 3) with three well-known redox processes are not reflected at all in the films deposited with mixtures of monomers. Hence, the polymeric films obtained from the mixture of DPA and ANI are not simply films corresponding to the codeposition of PDPA and PANI by simultaneous polymerization. If this possibility arises, a superimposed CV pattern of PDPA and PANI would have resulted. The absence of such a superimposed CV pattern clearly suggests the deposition of an entirely new polymeric material arising from copolymerization between DPA and ANI.
Further support of this view comes from analysis of the current density values of the redox processes of these films in comparison with the PDPA and PANI films.
The current density values of the two anodic peak potentials, i p a (I) and i p a (II) were found to increase with increasing feed ratio of DPA (Fig. 4) . The cathodic current density of the copolymeric film was also found to increase with increase in the feed ratio of DPA (Fig. 4) . It is interesting to note that i p a (I) and i p a (II) values of these polymeric films were found to be totally different from the current density values experimentally observed for PDPA deposition with the same concentration of DPA in the mixture.
For making such a comparison, i p a (I) and i p a (II) values were considered from the CVs recorded for the polymerization conditions mentioned in Fig. 1 The observations with respect to peak potential and current density can be viewed in conjunction to infer the deposition of a new polymeric, probably copolymer, film when DPA and ANI mixtures were electropolymerized.
For further support, the E 1/2 values of these polymeric films are compared with the E 1/2 values of PDPA and PANI films. The E 1/2 values of PDPA were found to be E a 1/2 (I) ϭ 512 to 518 mV, E a 1/2 (II) ϭ 674 to 679 mV for the two anodic processes, and E c 1/2 (I) ϭ 478 to 482 mV for the cathodic process, respectively. The copolymer films are found to have E a 1/2 (I) ϭ 509 to 524 mV, E a 1/2 (II) ϭ 684 to 693 mV, and E c 1/2 (I) ϭ 487 to 498 mV. E 1/2 values for the three anodic processes of PANI films were found to be 128 to 143 mV for E a 1/2 (I), 563 to 581 mV for E a 1/2 (II), and 751 to 768 mV for E a 1/2 (III), respectively. The E 1/2 values of the second and third oxidation peaks of PANI films can now be taken for comparison with the copolymeric films. The E a 1/2 (I) of the copolymeric film was found to be between E a 1/2 (II) of PANI and E a 1/2 (I) of PDPA films. Similarly, (Fig. 1) . The charge values associated with the anodic and cathodic portions of the CVs of the films were calculated by using the method of graphical integration between 0.0 and 0.8 V. The background charges were suitably subtracted while calculating the charge values for the anodic as well as the cathodic portions.
Dependence of charge on feed ratio of DPA and deducing the growth equation.-The charge values associated with the first and second anodic as well as the well-defined cathodic peaks were calculated. The total charges for the anodic (Q a ) and cathodic (Q c ) portions of CVs of the copolymeric films are now compared with the charge values corresponding to the PDPA film deposition when homopolymerization of DPA was performed with the same [DPA] as maintained for copolymerization. Q a values associated with the copolymeric films were found to be lower in comparison with the values noted for PDPA films deposited using the same [DPA], P n and P w . There were differences in the values of Q a and Q c between copolymeric films deposited with the mixture of two monomers, DPA and ANI, and homopolymer (PANI or PDPA) films deposited with the same concentration of the individual monomer (ANI or DPA) during homopolymerization.
Q a and Q c were both found to increase with increasing feed ratio of DPA. The ratio of Q a to Q c was found to be close to unity. Hence, Q a values alone are considered in the remainder of the discussion. The feed for copolymerization was maintained by keeping the total monomer concentration as constant (50 mM). Otherwise, an increase in [DPA] in the feed obviously will have a decreasing [ANI] . Hence, Q a has a decreasing trend with increasing feed ratio of ANI. Now, a growth equation for this copolymer film deposition can be deduced for correlating the charge associated with the deposition of films and the experimental conditions. This is done by finding the dependences of charge on different experimental parameters employed during PPSM deposition of the films. In these electropolymerization studies, P n and P w were kept as constants. The following equation for growth can be initially thought of
where, k ϭ kЈ P n P w , the growth rate constant for copolymer deposition.
Here, both concentration terms, [DPA] and [ANI], are found to vary simultaneously while maintaining the feed ratio at constant P n and P w . The procedure adopted by Stilwell and Park 37 for establishing PANI growth could not be used directly. Hence, the following new method is adopted here. By substituting any of the two experimentally determined Q a values corresponding to two different feed ratios of monomer at constant P n and P w , two simultaneous equations involving x and y terms were set up.
Similarly, several pairs of simultaneous equations in x and y were set up by choosing experimental values of Q a corresponding to different sets of feed ratios of monomers (while keeping P n and P w as 1000 and 100 ms, respectively). Solving these pairs of simultaneous equations for x and y, the average values of x and y were obtained as 1.0 and Ϫ0.5, respectively. This assignment of the values of x and y was further confirmed graphically by drawing suitable logarithmic and direct plots. The logarithmic form of Eq. 1 was used for determining x and y
[2]
In order to determine the dependence of growth on [DPA], the tentatively assigned value of y (Ϫ0.5) was incorporated into Eq. 2. The double logarithmic plot of log (Q a [ANI] 1/2 ) vs. log[DPA] (not given) was drawn for fixed values of P n and P w . The plot was found to be linear with the slope being equal to nearly unity. This is the same as obtained through solving simultaneous equations for x and y. A first-order dependence of [DPA] on copolymer film growth was evident from this observation. The dependence of [DPA] on growth was further ascertained by making a direct plot of (Q a [ANI] 1/2 ) vs.
[DPA] (Fig. 5) for fixed values of P n and P w . This plot was found to be linear with a negligible intercept and confirms the first-order dependence of growth on [DPA] .
Similarly, the dependence of [ANI] on growth was determined by using the graphically derived value of 1.0 for x. (Fig. 6 ). This plot was found to be a straight line with a negligible intercept and ascertains the dependence of growth on ANI. Using these dependences, the following growth equation was obtained
From the slopes of the plots of (Q a (Fig. 6) , k values were calculated and found to be 1.05 ϫ 10 Ϫ7 and 1.07 ϫ 10 Ϫ7 mC (mM) Ϫ1/2 (ms) Ϫ1 , respectively. The closeness of the values of growth rate constant obtained through different approaches justifies Eq. 3 for the copolymer growth.
To infer the growth behavior of the homopolymeric films, PDPA and PANI, films were deposited under different experimental conditions. It is interesting to note that the growth dependences for the PDPA film was different from those for copolymeric growth. For PDPA, the growth equation was deduced as
where k 1 is the growth rate constant for PDPA deposition. The plots of Q a vs.
[DPA] (Fig. 7, plot A) , Q a vs. P n (Fig. 7, plot B) , and Q a vs. P w 1/2 (Fig. 7 , plot C) were used to deduce Eq. 3a for PDPA deposi- tion. For PDPA deposition, a square root order dependence (Fig. 7 , plot C) was noticed in contrast to the first-order dependence of P w in copolymer growth. Similarly, for PANI deposition, the following growth equation was obtained 38
where k 2 is the growth rate constant for PDPA deposition. For copolymer growth, an inverse half-order dependence on ANI (Fig. 6 ) was noted in contrast to the first power dependence of ANI for PANI growth. These differences in growth behavior can also be taken as a support toward copolymer formation when DPA and ANI were electropolymerized.
Determination of surface parameters.-A few of the surface parameters were evaluated for the copolymeric films and compared with homopolymeric films.
⌫ a and d of these deposted films were deduced using Eq. 4
where d is the thickness of the film, C is the film concentration, ⌫ a is surface excess, and A is area of the electrode.
Q a values associated with the poly(DPA-co-ANI) films were calculated for this purpose from the anodic portion of the CVs (Fig. 1 ) of all the copolymer films used.
Determination of surface excess, ⌫ a .-⌫ a was calculated for copolymer films, and the results are presented in Table I . ⌫ a was found to increase with an increase in [DPA] . Comparing these values with ⌫ a obtained for PDPA, it is inferred that the surface excess is low for copolymer films in comparison with homopolymeric films. In particular, for the copolymer films deposited with the high feed ratio of ANI, ⌫ a values are found to be very low.
Determination of film thickness, d.-Calculations were made using Eq. 5 d ϭ Q a /2rV [5] to determine the film thickness, d, for all copolymer films where V is the molar volume of the monomer and r is the roughness factor of the electrode used. V was calculated through the weight average of the molar masses of the two monomers, DPA and ANI. The evaluat- Table I ). Knowing that ⌫ a ϭ C a d from Eq. 4, the film concentration, C a was also determined for the copolymer films (Table I) .
Determination of interaction parameter, r a .-An attempt was also made to evaluate the interaction parameter, r a from the value of full width at half maximum, fwhm. 39 The CVs (Fig. 1-3 ) of respective films were used for this purpose. Substituting fwhm and C a in Eq. 6 C a r a ϭ 1.7 Ϫ (0.47 ϫ fwhm nF/RT) [6] r a was calculated. The interaction parameter values are found to be positive for both the redox processes implying an attractive interaction of these electroactive components with working electrodes. Table I summarizes the values of the various surface parameters, ⌫ a , d, C a , and r a determined for the poly(DPA-co-ANI) films. These values were found to be totally different from the individual homopolymers, PANI and PDPA implying differences in the interaction between the working electrode and these materials. Poly(DPA-co-ANI) was synthesized by bulk electropolymerization at a constant potential of 0.8 V vs. Ag/AgCl. A solution containing a mixture of the monomers, DPA and ANI in the feed ratio of 0.5:0.5, i.e., 25 mM each, was prepared in 4 M H 2 SO 4 medium and subjected to bulk electrocopolymerization. A green colored solid material was produced in large amounts, which was then processed as described by the chemical method (as described in the experimental section).
Poly(DPA-co-ANI) was chemically synthesized using PDS as oxidant in aqueous H 2 SO 4 medium. The chemically/electrochemically synthesized copolymer samples were used to study the characteristics, conductivity, and spectral behavior.
Characterization of chemically/electrochemically synthesized poly(DPA-co-ANI).-Using the suspension of the sample in acetone, the copolymer was cast onto the platinum electrode as a film. 40 The copolymer-coated electrode was then placed in background electrolyte (4 M H 2 SO 4 ) and preconditioned. The CVs were recorded for the copolymer-coated electrode in 4 M H 2 SO 4 in the potential range between 0.0 and 0.8 V at a scan rate of 100 mV/s. The CV obtained for the electrode coated with the chemically synthesized poly(DPAco-ANI) films was compared with that recorded for the electrochemically deposited poly(DPA-co-ANI) film (Fig. 8) . The CVs are essentially similar, possessing the characteristic pattern of the two peaks corresponding to the redox processes at ca. 0.6 and 0.7 V vs. Ag/AgCl. This closeness of the CV pattern indicates that the samples of copolymers under study are one and the same material.
Other characterization of poly(DPA-co-ANI).-In order to gain more insight into the nature of the copolymer film, an attempt was made to study the conductivities of the copolymer samples using the four point technique. FTIR spectra and UV-visible spectra have also been used to get structural information about the copolymer.
The conductivities of chemically synthesized/bulk electropolymerized samples of poly(DPA-co-ANI) were determined using the four-point probe technique. At room temperature, the output voltage was measured for various current values ranging from 1.0 to 10 mA. Using the measured values, the conductivity of the copolymer, at room temperature was determined as 3.16 ϫ 10 Ϫ2 S cm Ϫ1 . The conductivity of the copolymer is comparable with PDPA (2.59 ϫ 10 Ϫ2 S cm Ϫ1 ) and lower than that of value of PANI (4.28 ϫ 10 Ϫ2 S cm Ϫ1 ) prepared in the present study under comparable conditions. FTIR spectra was recorded for the bulk electropolymerized sample of poly(DPA-co-ANI) in the range of 500 to 4000 cm Ϫ1 and presented in Fig. 9 . The absorption band at 3388 cm Ϫ1 is caused by the N-H stretching mode of the secondary amine. The strong absorption peak at 1594 cm Ϫ1 can be assigned to the different bending mode of the aromatic secondary amine. [41] [42] [43] The absorption band at 1506 cm Ϫ1 is characteristic of the C-C multiple bond stretching mode of benzene ring. 44 The C-N stretching mode of the aromatic secondary amine causes the absorption band at 1318 cm Ϫ1 . The bands at 1173 and 1401 cm Ϫ1 can be assigned due to diphenosemiquinono amine imine segments. 25 The band at 1173 cm Ϫ1 can be assigned for the C-H bending vibration of diphenoquinone. 25 The weak band at 694 cm Ϫ1 is assigned for the C-H out-of-plane phase bending vibration of mono-substituted benzene rings at the ends of the polymer chains. 43, 44 On close comparison of the infrared (IR) bands of the copolymer, PDPA and PANI, the differences between them become evident (Fig. 9 ). There are variations in the intensities of the bands at 694 and 749 cm Ϫ1 (corresponding to the terminal phenyl groups), between copolymer and PDPA 28 suggest that the copolymer has longer repeat units in comparison with PDPA. The presence of stronger 1237 cm Ϫ1 band combined with a weaker band at 1115 cm Ϫ1 in the copolymer spectrum implies the presence of a -C-(NH)-C-link as Figure 9 . FTIR spectrum of (a) PDPA, (b) PANI, and (c) poly(DPA-co-ANI).
a result of linking of the NH 2 group of the aniline with the phenyl C atom of the DPA monomer. 28 XPS analysis was used in deducing copolymer composition and also in determining the reactivity ratios. 19 Such a method was suitably adopted for the copolymerization of aniline with 2,5-diaminobenzene sulfonic acid, to follow the sulfur content of the copolymer and to correlate with the fraction of the sulfur-containing monomer in the copolymer. However, for the present system, due to uncertainty about the repeat unit structure, the authors feel that such an elemental analysis would not result in a correct conclusion, For example, the tail-to-tail added aniline-derived intermediate, benzidine, would also give a similar structure in the backbone (though in low proportions) as equivalent to poly(diphenylamine). This possibility cannot be totally ruled out in the highly acidic medium in which polymerization studies were made.
UV-visible spectra was recorded for poly(DPA-co-ANI) in DMF (Fig. 10) . They show a well-defined peak at 337 nm and a broad band at 524 nm which may correspond to -* electronic transition of the benzenoid rings in the polymer backbone and the electronic excitation form benzenoid to quinonoid ring, respectively. It can be noted that the band corresponding to the polaronic excitation of the copolymer is close to the PDPA band (530 nm) (Fig. 10 ) in contrast to PANI structure (572 nm). This observation can also be taken as a clue to the fact that the polymer structure contains greater properties of DPA units. As evident from CV characteristics, the closeness of conductivity of the copolymer with the conductivity of PDPA also favors the above suggestion. Conclusions A pulse potentiostatic method has been effectively employed for the deposition of copolymeric films involving diphenlamine and aniline. Cyclic voltammetry was adopted to characterize those films. A growth equation relating the pulse parameters and experimental conditions of polymerization was obtained as Q a (mC/ms) ϭ 1.05 ϫ 10 Ϫ7 [DPA][ANI] Ϫ1/2 which showed a linear increase in the growth of copolymer formation with the concentration of diphenylamine. A different growth equation was observed for poly(diphenylamine). The closeness of the growth rate constant obtained through different routes justifies the deduced equation. The cyclic voltammograms of the chemically synthesized and electrodeposited copolymer films resemble each other. The FTIR and UV-visible spectroscopic results revealed significant differences between the homopolymers and copolymer.
Figure10. UV-visible spectra of (DPA-co-ANI) in DMF: (a) PDPA, (b) PANI, and (c) poly(DPA-co-ANI).
